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Abstract  
A special branch of complexity science, complex adaptive systems (CAS), is a way of thinking 
about systems of interacting agents and how order emerges in systems from the interactions of 
agents. Though CAS has been widely used in management and organizational studies for 
decades, it has been employed in the Information Systems (IS) research domain only more 
recently to investigate complex phenomena like agile software development, bottom-up IT use 
process, and systems dynamics. The aim of this research is to conduct a review of CAS studies 
within the IS discipline, particularly focusing on how CAS concepts are used for theorizing 
complex phenomena and the context of the use. To achieve this, we survey papers published in top 
outlets between 2002 and 2014, conduct in-depth analysis and categorize the contributions of 
the papers sampled by mapping them with the relevant CAS concepts. The review suggests that 
CAS has attracted limited interest within IS due to confusion with its central concepts, inherent 
complexities and possible ontological and epistemological issues with knowledge accumulation. 
We identify some promising IS research areas that can be studied using CAS and propose some 
guidelines for future researchers. 
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Introduction 
Complex adaptive systems theory (CAS) offers a new way of thinking about systems of interacting 
agents and how order emerges in systems from the interactions of agents, which is very useful in 
dynamic environments where organizations and information systems have to be responsive and 
adaptive. While CAS offers valuable insights and has been widely applied in related disciplines like 
management and organizational studies, its application in the information systems (IS) discipline 
seems to be much more limited. In this paper, we set out to better understand and advance the use of 
CAS in IS by conducting a literature review.  
A special branch of complexity theory, CAS is used to investigate how complex systems become 
adaptive to their environment and how properties emerge from the interactions of the system 
components (Vidgen and Wang 2006). CAS can be valuable for research because of its suitability for 
modelling non-deterministic behaviors, the possibilities of sensitivity analysis, the use of mathematical 
and computational models, and its multi-level nature. 
Cybernetics, chaos theory, and general systems theory all focus on deterministic dynamic systems, 
where a set of equations are used to determine how a system changes (i.e. experimenting with linear 
behavior under some predefined conditions) in a given time space. CAS provides another way of 
simplifying a complex system into a formal system (Anderson 1999). Organizations today potentially 
face sudden and substantive change. Reasons include digitization, globalization, process re-
engineering, quality improvement, and greater workforce diversity. Organizations need to be more 
adaptive and responsive to these dynamics (Cohen 1999). CAS theory is well suited to modelling the 
non-deterministic behaviors of such dynamic systems, which cannot be represented through a 
deterministic set of equations. By undertaking sensitivity analysis and varying the assumptions of 
basic properties of CAS components e.g. fitness value, schemata or population dynamics, it is possible 
to explore and better describe the complex behavior of dynamic systems (as opposed to evidencing 
causal relationships).  
Further, CAS can usefully represent complex systems through mathematical or computational models 
and such models are crucial for the analysis of dynamic processes that are too complex to be 
understood with language (Morel and Ramanujam 1999). CAS helps to encode non-linear complex 
phenomena through mathematical expressions and facilitates the conduct of computational 
experiments in a virtual system. Thus the computational approach provided by CAS gives researchers 
precision as well as control over the implemented model and helps to investigate the myriad 
contingencies that may arise from the dynamic relationships of system components. Such 
contingencies are difficult to explore in field studies and more readily realized in a virtual system. 
Moreover, CAS is inherently multi-level in nature, facilitating investigation of collective-level behavior 
that emerges from the lower-level interactions of systems components. 
Although CAS was first popularized in the field of evolutionary biology, several CAS principles have 
been widely applied in the strategic management discipline to understand the dynamic behaviors of 
complex systems e.g. supply chain networks (Choi et al. 2001), leadership (Schneider and Somers 
2006) and organizational learning (Kane and Alavi 2007). The application of CAS also has a long 
history in the social sciences and organizational studies (Anderson 1999; Brown and Eisenhardt 1998; 
Morel and Ramanujam 1999). For decades, organizational researchers have employed concepts from 
complexity theory such as adaptation, self-organization and evolution (Casti 1994; Gell-Mann 1994) to 
analyze dynamic non-linear phenomena in complex systems. 
The employment of CAS theory in the Information Systems (IS) research domain is more recent. The 
importance of CAS and encouragement of its broader adoption in IS has been argued in several journal 
special issues, such as Journal of Information Technology (Merali and McKelvey 2006) and 
Information Technology & People (Jacucci et al. 2006). More recently, IS researchers have employed 
CAS principles to investigate the complex behavior of processes like agile software development 
(Vidgen and Wang 2006; Wang and Conboy 2009), information systems development (Allen and 
Varga 2006; Kautz 2012) and organizational knowledge processes (Habib 2008; Merali 2002). These 
research areas involve a myriad of complex processes and activities; CAS principles and concepts align 
well with the exploration of such unpredictable patterns. The concepts of CAS theory have also been 
used in conjunction with other theory e.g. resource based theory (RBV) (Barney 1991) to study 
sophisticated business processes like the generation of business value using IT (Nevo and Wade 2010). 
Moreover, CAS provides a new way of exploring contemporary dynamic phenomenon, such as- IT use 
processes (Nan 2011), systems  dynamics (Hildebrand et al. 2012), and agile processes (Vidgen & 
Wang, 2009). In addition, CAS concepts and ideas are used for theory building, sometimes in 
conjunction with case study research (e.g. Nan 2011).  
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While CAS has found its inroad into IS, the first impression is that its use is limited and fragmented. A 
review of the prior literature provides a firm foundation to understand the current status of a research 
field (Webster and Watson 2002). This article presents a systematic review of CAS studies in 
Information Systems to better understand how CAS is used within the IS discipline, in particular the 
key CAS concepts that are used and the context of use. We believe this is the first such review 
describing CAS in IS and its contributions to the IS body of knowledge. This study develops a 
framework for categorising CAS-based IS studies, identifies common CAS concepts, connects the 
concepts with related contributions, and surfaces research gaps. The aim is to synthesise CAS work in 
IS, to motivate and guide future researchers. 
The study analyzes peer-reviewed articles between 2002 and 2014 inclusive (the first substantive IS 
article on CAS appeared 2002) from the AIS Senior Scholars Basket-of-Eight1 journals plus two major 
IS conferences- International Conference on Information Systems (ICIS) and European Conference on 
Information Systems (ECIS), these outlets representing high quality publications in the IS discipline. 
Our literature search employs a keyword search approach as suggested by Levy and Ellis (2006). We 
analyze the surveyed articles and develop a tabular framework showing the contributions sampled by 
mapping them with the relevant CAS concepts based on a concept matrix adopted from (Webster and 
Watson 2002).  
This study makes several contributions to the field of IS research. Through a tabular framework, it 
presents the CAS concepts used in IS research and their relative contributions, making those 
contributions more accessible to the IS research community. The study also shows the low adoption of 
CAS in the IS domain. Through analysing the value of CAS in relation to different topics in the IS 
domain, we surface several promising areas of further CAS research. Our typology of CAS 
contributions offers a guide to future researchers, for better structuring and positioning of CAS-related 
research value. 
The remainder of this paper is organized as follows: the next section presents a brief overview of CAS 
theory; the third section describes the research method used to conduct the review; the fourth section 
provides a descriptive analysis of surveyed articles, followed by an in-depth content analysis of the 
applications and contributions of CAS in IS research. The sixth section provides a contextual analysis 
of papers; the seventh section contains a detailed discussion of the research findings; and the last 
section concludes the study and suggests directions for future research. 
Overview of CAS theory 
A special branch of complexity science, CAS is a new way of thinking about systems of interacting 
agents and how order emerges in systems from the interactions of agents. Authors such as, Holland 
(1995), Gell-Mann (1994) and Dooley (1997) were among the first to inspire organizational researchers 
to adopt CAS theory for investigating non-deterministic, dynamic phenomena in organizations. 
There are many accounts of CAS theory, the general view across the broader community of CAS 
scholars being that there is no single theory of CAS (Anderson et al. 1999; Vidgen and Wang 2006). In 
practice, few scholars explicitly represent a CAS theory. Nonetheless, all imply that a CAS is composed 
of agents that interact. Holland (1995) alludes to a definition of CAS as- a single coherent system that 
emerges over time from the interactions of its components (agents) and adapts and organizes itself 
within an environment. A CAS is composed of three main elements – (1) heterogeneous 
interconnected elements or agents, (2) interactions, and (3) the environment. The basic building 
blocks of CAS are agents (Dooley 1997). Each agent has inherent attributes and schemata, which are 
the cognitive structures by which agents choose to interact with other agents and with the 
environment. Interactions represent the relations: activities of agents and connections among agents 
or with the environment. Environment is the space in which the agents reside. In short, CAS refers to a 
system that is adaptive to its environment where properties emerge in the system from the interactions 
of its components (Vidgen and Wang 2006). 
Though a widely accepted definition of CAS theory is yet lacking, review of the views of main CAS 
theorists reveals several key concepts and properties that characterise CAS (see Table 1). These 
concepts and principles are used to interpret how complex non-linear systems with interacting agents 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Senior Scholars’ Basket of Eight journals are- MIS Quarterly (MISQ), Information Systems Research (ISR), 
Journal of Management Information Systems (JMIS), European Journal of Information Systems (EJIS), 
Information Systems Journal (ISJ), Journal of the Association for Information Systems (JAIS), Journal of 
Information Technology (JIT), and Journal of Strategic Information Systems (JSIS). See further details at- 
https://aisnet.org/?SeniorScholarBasket 
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function to produce orderly but unpredictable behavior (Alaa and Fitzgerald 2013). Many of the 
concepts are prominent in previous theoretical frameworks; for example, the concepts of emergence, 
connectivity, interdependence, and feedback are familiar from systems theory. Nonetheless, CAS 
theory extends these theories with additional concepts like co-evolution, self-organization and edge of 
chaos, which enriches systems thinking concepts and emphasizes their inter-relationship and 
interdependence. The CAS concepts are tightly associated with each other, bringing into question any 
attempt to isolate and concentrate on one concept such as emergence or co-evolution, and exclude the 
others (Mitleton-Kelly 2003).  
Table 1 lists the 7 main CAS concepts identified, cross-referenced with the core papers such as- 
(Holland 1995), (Morel and Ramanujam 1999) and (Gell-Mann 1994) from which they derive. Beyond 
these concepts, most of the CAS papers often use the three main elements- agents, interactions and the 
environment. Each of the 7 CAS concepts is described following. 
• Co-evolution- Each component (agent) of the CAS environment influences each other component; 
in turn, the environment influences all components of which it is comprised (Anderson 1999). 
When a component changes to ensure best fit in the landscape, the environment also changes, and 
those changes are likely to result in further system changes and this process goes on causing 
continual changes in the system (Kauffman 1993).  
• Emergence- refers to the phenomenon whereby macroscopic patterns arise from the interactions of 
micro-level components (Morel and Ramanujam 1999). CAS components interact with each other; 
their interactions collectively giving rise to emergent properties. 
• Self-organization- is the ability of complex systems to evolve dynamically in an organized form, 
changing their internal structures and patterns of behaviour, from the interactions of autonomous 
agents (Anderson et al. 1999). “Self-organization can lead to fundamental structural 
development...is ‘spontaneous’ or ‘autonomous’, arising from the intrinsive iterative nonlinear 
nature of the system”- (Stacey 2007, p. 196). 
• Fitness landscape- conceptualizes a CAS system as having N decision variables (agents) and K 
interactions among the variables (Kauffman 1993). Each configuration of a set of decision variables 
is associated with a fitness value representing performance if that particular configuration is 
enacted. The system uses different techniques e.g. – hill climbing or long jumps, in the fitness 
landscape to find positions with higher fitness value. When, there is little interaction among 
decision variables (i.e. low K), the resulting fitness landscape is “smooth”. Higher interactions (i.e. 
high K) among the variables cause the landscape to be “rugged”. 
• The edge of chaos- Systems that are too simple are static, and systems that are active become 
complex or chaotic. The edge of chaos is a region between these two, where a system is neither too 
simple nor too complex, and can undertake productive activity (Miller and Page 2009, p. 129). 
“Organizations never quite settle into a stable equilibrium but never quite fall apart, either” 
(Brown and Eisenhardt 1998, p. 12). 
• Dynamism and non-linearity- CAS is different from a traditional process model consisting of 
interrelated variables that result in deterministic outcomes; it is comprised of interconnected 
autonomous agents, which show non-linear behaviors. The whole is greater than the sum of its 
parts (Holland 1995). As a dynamic approach, the tenets of CAS theory are used to model complex 
social systems and to investigate and understand the dynamic properties of complex systems. 
• Adaptation- is the process through which CAS maintains fitness in the competitive landscape 
(Kauffman 1993). A CAS changes its structure in the fitness landscape through its interactions with 
other CAS. Adaptation by a CAS changes the structure of another CAS, which further leads to a 
process of mutual adaption. 
 
CAS concepts (Holland 
1995) 
(Morel and 
Ramanuja
m 1999) 
(Gell-Mann 
1994) 
(Dooley 
1997) 
(Anderson 
1999) 
Co-evolution ü     ü  
Emergence ü  ü     
Self-organization  ü   ü  ü  
Fitness Landscape   ü  ü   
The edge of chaos   ü   ü  
Dynamism and Non-
linearity 
ü  ü   ü   
Adaptation ü  ü  ü  ü   
Table 1. Key concepts and properties of CAS theory 
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Research Design  
A review of existing literature is foundational to all research efforts. A well-structured method is 
important for a comprehensive literature review (Levy and Ellis 2006) - a step-by- step procedure of 
collecting, synthesising and analysing relevant data from the body of knowledge. To prepare a sample 
of studies that used CAS theory in the IS domain, we surveyed peer reviewed articles published 
between 2002 and 2014 inclusive. We surveyed articles published in the AIS Senior Scholars’ Basket 
of Eight Journals endorsed by the Association for Information Systems (AIS) as high quality journals 
in the IS discipline. In addition, we surveyed two IS conferences- International Conference on 
Information Systems (ICIS) and European Conference on Information Systems (ECIS), representative 
of quality conferences in IS (Webster and Watson 2002). We commenced our search with the basket of 
eight journals, later extending to the mentioned AIS conferences. 
In order to identify publications that use CAS as a core theory, the search was conducted using 
keyword search (Levy and Ellis 2006), i.e. the use of a specific word or phrase2. The search was 
performed using the phrase “Complex Adaptive System*”3 in the title, abstract and full text sections of 
the databases. The Proquest database returned 33 articles for seven of the basket of eight journals, 
with 44 articles found from Science Direct database for JSIS. Additionally, ICIS and ECIS returned 30 
and 26 conference papers respectively. Thus, the initial search yielded 133 articles in total. We 
employed a formal coding scheme to ensure a consistent, structured process for extracting and 
recording all relevant information from the pool of papers. We read the abstract, then the full text of 
each paper, maintaining an Excel database of the codified contents. To be included in the sample, a 
candidate article must have adopted CAS as a base theory or used at least one concept of CAS to 
theorize phenomena. Most articles did not satisfy this rule. A total of 27 articles (see Appendix A) were 
selected from the original dataset of 133 papers (see Table 2). The database fields populated are - 
keywords, research topics, concepts from CAS, journal/ conference name, authors, citation counts of 
each paper, year of publication, and important key findings and notes extracted (a summary for later 
reference) from each research article. 
For the content analysis, we followed a combined top-down and bottom-up approach to identify the 
key CAS concepts apparent from past IS research. We commenced with identifying key concepts from 
the core papers on CAS like- (Holland 1995), (Morel and Ramanujam 1999) and (Gell-Mann 1994), 
subsequently moving to the IS papers on CAS to find out the similar CAS concepts used. We screened 
the core CAS and CAS-IS papers back and forth several times to get the list of key CAS concepts. We 
identified 6 main concepts of CAS in IS papers as a result of this analysis. We then grouped and 
represented the CAS-IS studies based on the 6 key concepts in a tabular framework (see Table 3) 
using the concept matrix suggested by Webster and Watson (2002). For the contextual analysis, we 
analyzed the paper, identified different topics and categorized the paper based on the topics. A single 
paper sometimes contains multiple topics; we put them in more generic type (see Table 4). 
Table 2 illustrates the number of CAS articles published in the sampled outlets. The frequency of CAS 
related studies in IS is relatively small (111/130 empty cells and only 3 cells with more than 1). One of 
the earliest articles that embraced CAS theory appeared in EJIS 2002 (Merali 2002). Nothing on CAS 
was published the subsequent three years (2003-2005). In 2006, seven articles were published, five of 
which appeared in a special issue of Journal of Information Technology (JIT) on Complexity Science 
(that special issue was intended to evidence the significance of, and encourage the adoption of, 
complexity theory in IS). The number drops to 1 in 2007 then ranges between 2 and 4 over the 
subsequent 7 years (2008-2014). The number of studies varies across journals; JIT publishing the 
most (7 - 5 of which are in the special issue), followed by JAIS, MISQ and ISR (each with 2). ISJ and 
JMIS have published nothing on CAS. The two prominent AIS conferences ICIS and ECIS published 12 
(44%) of the total set of 27 papers over the past 9 years. ICIS first published a CAS article in 2008 and 
has averaged 1/year since, whereas ECIS first published on CAS in 2006 (averaging 0.5/year since). 
Relatively, these are not large numbers, with CAS research representing a niche area of research in IS. 
 
 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 Please note that ‘keyword’ refers here to the search string, not to the keywords property of the documents that 
we searched (as stated, we searched in the title, abstract and full text properties of the documents). 
3 The asterisk symbol ‘*’ used in the Boolean keywords of the search string combination allows for the inclusion of 
derivatives in the search criteria. 
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Outlet 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total  
MISQ 
         
1 
  
1 2 
ISR 
       
1 1 
    
2 
JMIS 
             
0 
EJIS 1 
            
1 
ISJ 
             
0 
JAIS 
          
1 1 
 
2 
JIT 
    
5 
  
1 1 
    
7 
JSIS 
          
1 
  
1 
ICIS 
      
2 
 
1 1 2 
 
1 7 
ECIS 
    
2 1 
 
1 
   
1 
 
5 
Total 1 0 0 0 7 1 2 3 3 2 4 2 2 27 
Table 2. Journal/ conference and year-wise distribution of CAS articles 
Content Analysis 
While there is no definitive account of CAS theory in the literature (Gell-Mann 1994; Vidgen and 
Wang 2009) analysis of the CAS literature suggests that researchers have adopted various 
concepts of CAS theory in their research (see C A S  overview  Section). In order to get a 
structured overview of CAS contributions, we systematically categorize the CAS concepts from the 
surveyed articles in Table 3. Note that, some papers use multiple CAS concepts in combination to 
explain particular phenomena; therefore, the same paper may appear in multiple places in the 
table.  
Co-evolution 
Allen and Varga (2006) conceptualize the organization as a CAS and view the epistemology of 
individuals (agents) as the agents’ IS. The IS of each agent co-evolves through interactions with 
other agents and “the interaction of all agents constitutes the organization”. The authors suggested 
that an agent-based axiological framework is essential for understanding the co-evolution of 
organizations. 
The co-evolution concept has also been adopted to explain sustainable IS alignment in 
organizations. The co-evolution concept borrowed from CAS is extended to produce a co-evolution 
theory and used to examine IS alignment issues like- co-evolution based dynamics at individual, 
strategic and operational levels and self-organized emergent behaviour and structure (Benbya and 
McKelvey 2006). In other research, Vessey and Ward (2013) use co-evolution theory to represent 
how an organization’s IS co-evolve with the organization to meet its goals, and thus sustainable IS 
alignment occurs. They state:  
“co-evolution that supports IS alignment results when an organization’s IS change or evolve to 
support the changes that occur in the organization...” (Vessey and Ward 2013, p. p. 307). 
Tanriverdi et al. (2010) also embrace CAS in order to theorize about IS strategic alignment. They 
suggest organizations change from a focus on strategic IS alignment to a co-evolution approach 
which seeks to maximize the firm’s agility and profitability in the rugged, competitive landscape. 
Kim and Kaplan (2006) conceive IS engagement as a CAS and consider IS engagement as a co-
evolutionary process to get a unifying view of IS and organizational change, and understand how 
systems and organizations co-evolve in practice; where software systems, vendors and 
organizations adapt dynamically with the changing nature of one another. Researchers have also 
used the co-evolution concept to understand agile software development: the enablers and 
inhibitors of agility and the emergent capabilities of agile teams (Vidgen and Wang 2009).  
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CAS 
conce
pt Reference Summary of research contributions 
1.
 C
o
-E
v
o
lu
ti
o
n
 
(Allen and Varga 
2006) 
Through an agent based view of the organization, discussed the co-evolution of 
IS and the importance of understanding it for strategic thinking and decision 
making 
(Benbya and 
McKelvey 2006) 
Focus on co-evolution based self-organized emergent behaviour and structure 
of sustainable IS alignment 
(Vessey and Ward 
2013) 
Sustainable IS alignment occurs when organization’s IS co-evolve with the 
organization to meet its goals 
(Kim and Kaplan 
2006) 
IS engagement is a co-evolutionary process, where software systems, vendors 
and organizations adapt dynamically with the changing nature of one another 
Adopt CAS theory to incorporate evolutionary and teleological motors, and 
actor-network theory to incorporate dialectic motors to understand how 
systems and organizations co-evolve 
(Vidgen and Wang 
2009) 
Volberda's three principles of co-evolving systems are used to understand agile 
software development  
(Tanriverdi et al. 
2010) 
IS strategy should be co-evolved with the evolving, rugged, competitive 
landscape to maximize a firm’s agility for achieving profitability 
2
. 
E
m
e
rg
e
n
ce
 
(Curşeu 2006) In virtual teams, team cognition, trust, cohesion, and conflict are interdependent states that emerge from the interactions of team members 
(Nan 2011) 
Seeks to highlight the emergent properties that rise from the individual- level 
IT use behavior- patterns to collective- level IT use patterns 
(Lanham and 
McDaniel Jr 2008) 
How heterogeneous IT use emerges at individual and group levels 
(Basole 2009) 
Seeks to discover the relations of existing and emerging segments of the mobile 
system 
(Vidgen and Wang 
2009) 
Seeks to understand the emergent capabilities of agile software development 
teams 
(Kautz 2012) 
Uses emergence concepts along with other concepts for comprehending the 
characteristics and practices of the IS development process 
(Förderer et al. 2014) 
Seeks to investigate the emergence of generativity from the interactions 
between platform and partners in micro and macro levels 
3
. 
S
e
lf
-O
rg
a
n
iz
a
ti
o
n
 (Vidgen and Wang 
2006) 
Self-organization with other CAS concepts- coevolution, edge of chaos, etc. to 
investigate system level emergence of agility 
(Vidgen and Wang 
2009) 
Use the principles of co-evolving systems to develop more coherent 
understandings of the properties of agility e.g. emergent capabilities 
(Kautz 2012) 
Uses self-organization concepts along with other concepts for comprehending 
the characteristics and practices of the IS development process 
(Vessey and Ward 
2013) 
Use self-organization along with other CAS concepts to investigate how 
sustainable IS alignment occurs in organizations 
(Nan and Lu 2014) 
Use the self-organization concept to explore the possibility of orderly crisis 
management of organizations 
4
. 
F
it
n
e
ss
 
la
n
d
sc
a
p
e
 
(Hahn and Lee 2010) 
Use NK model to investigate how knowledge overlaps influence information 
systems development processes under some pre-defined conditions 
(Tanriverdi et al. 
2010) 
Use fitness landscape, suggests shift to three research quests of IS strategy in 
the highly dynamic and co-evolving competitive performance landscapes of 
products and services 
5
. 
D
y
n
a
m
is
m
 
(Benbya and 
McKelvey 2006) 
Focus on co-evolutionary based self-organized emergent behaviour and 
structure of IS alignment to uncover dynamics of IS alignment 
(Canessa and Riolo 
2006) 
Discuss how the dynamics generated by agent based modelling can be utilised 
to gain deeper understanding of computer mediated communication 
(Curşeu 2006) Conceives the virtual team as CAS and seeks to provide better understanding of virtual team dynamics through artificial simulation 
(Hanseth and 
Lyytinen 2010) 
Use CAS to recognize factors that generate the dynamics associated with the 
bootstrap and adaptability problems in information infrastructure 
(Hildebrand et al. 
2012) 
Develop a simulation model to provide explanations to viral marketing 
dynamics in social network 
6
. 
T
h
e
 e
d
g
e
 
o
f 
ch
a
o
s (Vidgen and Wang 
2006) 
Use edge of chaos and five other CAS concepts to explore the system level 
emergence of agility 
(Vidgen and Wang 
2009) 
Draw edge of chaos and other CAS concepts to build an organizing framework 
for agile software development 
(Kautz 2012) Uses edge of chaos to explain the region of complexity in OMS project 
Table 3. Classifications of papers based on CAS concepts in IS literature 
CAS in IS- A Literature Review 	  
       Twenty First Pacific Asia Conference on Information Systems, Lankawi 2017 
 
 7 
Emergence 
Cur eu (2006) uses the emergence concept of CAS to gain deeper understanding of virtual teams’ 
dynamics, specifically the effects of using IT on the emergence of socio- cognitive and affective 
states. She argues that in virtual teams, team cognition, trust, cohesion, and conflict are 
interdependent states that emerge from the interactions of team members.  
The concept of emergence is used for studying the IT use process in organizations. Nan (2011) 
theorizes the IT use phenomenon as a bottom-up process, where IT use patterns and properties 
emerge at a collective level from the interactions of individual-level IT use patterns. Similarly, 
Lanham and McDaniel Jr (2008) reveal that, heterogeneous IT use is a function of professional 
values and expertise at the individual level and relationships of workers, which give rise to the 
emergence of heterogeneous IT use at the group level.  
Drawing from the theories of CAS within network science, Basole (2009) maps the complex 
structure and dynamics of a mobile eco-system and seeks to discover the relations of existing and 
emerging segments of the mobile system. Vidgen and Wang (2009) draw on the concepts of CAS to 
study the emergent capabilities of agile software development teams. Förderer et al. (2014) employ 
the tenets of CAS to model platform generativity and seek to investigate the emergence of 
generativity from the interactions between platform and partners at the micro and macro levels. 
Other researchers like Kautz (2012) uses emergence in combination with other CAS concepts, such 
as- interaction, self-organization, co-evolution including emergence for explaining the 
characteristics and practices of IS development process through an empirical case study.  
Self-organization 
The self-organization concept has been used to understand different aspects of IS development and 
the agile software development process. For example, Vidgen and Wang (2006) used the concept of 
self-organization with other CAS concepts, coevolution, edge of chaos, etc., to investigate system 
level emergence of agility. Later they extended their research and drew on the principles of co-
evolution of systems to develop deeper understanding of the properties of agility through emergent 
capabilities (Vidgen and Wang 2009).  
Kautz (2012) draws on a set of CAS concepts and principles including self-organization for 
comprehending the characteristics and practices of the IS development process through an 
empirical case study. Similarly, Vessey and Ward (2013) portray organizations and IS as CAS and 
use the core principles and concepts of CAS including self-organization to investigate how 
sustainable IS alignment occurs in organizations. From a different perspective, Nan and Lu (2014) 
use the self-organization concept to explore the possibility of orderly crisis management of 
organizations through the self-organization of online communities. 
Fitness landscape 
Researchers conceiving a system as a CAS theorize about it through an NK fitness landscape 
(Kauffman 1993) and seek to investigate complex properties that arise from the interactions of 
system components. Tanriverdi et al. (2010) conceptualize business systems as CAS, where the 
performance (fitness) landscapes of products and services are highly dynamic and co-evolving. 
They theorize about IS strategy and suggest a reframing of the three main quests of it - (1) from 
alignment to co-evolution, (2) from integration to re-configuration and (3) from sustained 
competitive advantage to renewal to provide a foundation for a research agenda in complex 
business systems. Hahn and Lee (2010) correlate IS development with the fitness landscape, where 
teams search for an optimal configuration that can produce higher performance. Using NK 
modelling they seek to investigate how knowledge overlaps influence the IS development process 
under pre-defined conditions.  
Dynamism 
CAS facilitates mathematical or computational modelling to study dynamic phenomena. For 
example, Canessa and Riolo (2006) use an exploratory, agent-based modelling (ABM) technique to 
study the impact of computer mediated communication (CMC) on organizational culture and 
performance. Because ABMs are dynamic (Bonabeau 2002), Canessa discusses how the dynamics 
generated through ABM can be utilised to gain deeper understanding of CMC. In another study, 
Cur eu (2006) conceives the virtual team as CAS and seeks to provide better understanding of 
virtual team dynamics through simulation. Another example is Hildebrand et al. (2012) who 
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develop a computational simulation model to provide explanations for viral marketing dynamics in 
social networks.  
CAS as a dynamic process-based approach, is distinct from the static variance-based models 
(Vessey and Ward 2013). The tenets of CAS theory are used to model complex dynamic 
phenomena. To gain deeper insights into the emergent dynamic nature of IS alignment, Benbya 
and McKelvey (2006) focus on co-evolutionary based self-organized emergent behavior and the 
structure of IS alignment. They state:  
“IS alignment is a function of co-evolutionary dynamics spreading across three levels, individual 
users, business and IS subcomponents, and top-level business strategy”- (Benbya and McKelvey 
2006, p. 294). 
There are other instances of CAS being used to study complex dynamic phenomena. Basole (2009) 
identifies and maps the complex structure and dynamics of 7000 large global companies and over 
18,000 relationships in the converging mobile system. He uses network visualization techniques to 
get practical insights into the dynamic structure of the network. CAS is also used as a design theory 
to explore dynamic factors associated with Information Infrastructures (IIs) (Hanseth and 
Lyytinen 2010). 
The edge of chaos 
The edge of chaos is a concept that has been used for exploring the agile software development 
process. Vidgen and Wang (2006) use CAS as the theoretical grounding for studying agile practices 
in organizational software development. The significance of the edge of chaos i.e. the area in 
between stability and instability is made clear in the following statement:  
“There needs to be sufficient freedom to cope with change but enough structure to stop the 
software development process from falling apart. The planning cycle allows for software evolution 
… but supplies a barely sufficient structure”(Vidgen and Wang 2006, p. 10)  
In an extension of this prior work Vidgen and Wang (2009) develop a framework to identify the 
enablers and inhibitors of agile software development, as well as the emergent capabilities of agile 
teams. In the agile organizing framework the edge of chaos concept is discussed to explain the 
region of emergent complexity. They state:  
“The enablers, when deployed properly, should help teams find and remain in the region of 
emergent complexity ("edge of chaos"). The inhibitors will make it difficult to achieve the region of 
emergent complexity, whether it be through contributing to stasis (e.g., over-communication 
between developers) or to chaos (e.g., over-responding to unplanned disturbances)” (Vidgen and 
Wang 2009, p. 372). 
Kautz (2012) also uses different CAS concepts to gain an understanding of the information systems 
development process.  Through the edge of chaos concept, he explains the state of bounded 
instability i.e. the region of emergent complexity in operations management projects. 
Others 
There exist other CAS concepts and properties, which are also used in CAS-based IS research such 
as- time pacing and poise at the edge of time (Kautz 2012; Vidgen and Wang 2006).  Due to their 
lower use in the IS domain, we have not included them in overview of the content analysis. The 
adaptation concept is implicit and the root of every other CAS concepts like emergence, co-
evolution, self-organisation (Mitleton-Kelly 2003), hence we considered the adaptation concept as 
the kernel of all the concepts and focused mainly on the other concepts of CAS. 
Contextual analysis 
We analyzed the surveyed articles to identify the major topics of IS research where CAS theory has 
been applied. Table 4 contains the list of major CAS research topics identified from the review. The 
most highly represented topic identified is agile Software Development 15% (4 out of 27). A more 
general focus-area is information systems development (ISD) (11%), which could be considered to 
subsume agile Software Development. Together they encompass more than a quarter (26%) of CAS 
related IS studies in the sample. The modern ISD process is considered a combination of complex 
activities (Highsmith 2000). Turbulent business environments, changing customer requirements, 
pressure for short-time delivery, and rapid evolution of information technologies make the ISD 
process more complex (Baskerville et al. 2001; Benbya and McKelvey 2006). The debate between 
agile versus plan-driven software practices in organizations reflects the lack of theoretical 
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understanding of the ASD process. It is in this context that CAS can provide deeper insights 
(Highsmith 2000). These are some of the primary reasons for conducting CAS based research in 
the ISD domain.  
Another major topic is conceptualization of the IS domain as CAS (15%). Merali et al. (2012) argue 
that the IS domain has sufficient adaptive capacity to evolve in the emerging competitive 
landscape, challenging the increased turbulence, uncertainty and dynamism of IS research. The 
field of IS research is highly diversified and dynamic, with new topics emerging constantly, thus the 
landscape of IS research is always changing with scholars shifting attention to investigate new IS 
and IS phenomena. This dynamism leads IS researchers to conceptualize the IS domain as a 
complex system.  
A further focus of CAS research is the IT Use Process 11% (3 out of 27). CAS as a theory, is 
inherently multi-level in nature and facilitates exploration of macro-level properties that emerge 
from micro-level dynamics. The traditional IT use literature tends to capture snapshots of discreet 
elements of the IT use construct, such as users, system or tasks using variance based models as 
suggested by the recent system usage literature (Burton-Jones and Straub Jr 2006). Several 
researchers e.g. (Nan 2011) is dissatisfied with this fragmented understandings of one or two 
selective elements of IT use construct and seeks to explore more comprehensive conceptualizations 
of this construct. As CAS helps to study collective level phenomena where emergent properties 
arise from lower level elements, researchers become more interested in this theory.  
Other papers address such topics as Information Systems Alignment, Organizational Knowledge 
Processes, Social Networks, and Information Structures (2 papers each or 7.3%). Topics 
represented by a single paper (3.6%) are virtual teams, IT-enabled service, information systems 
engagement, and service platforms.  
 
Topic References # Percent (%) 
Agile Software Development (Vidgen and Wang 2006); (Wang and Vidgen 2007); (Vidgen 
and Wang 2009); (Wang and Conboy 2009) 
4 15 
Conceptualization of IS Domain 
(Merali 2006); (Grover 2012); (Tanriverdi et al. 2010); 
(Merali et al. 2012) 
4 15 
Information Systems development (Allen and Varga 2006); (Hahn and Lee 2010); (Kautz 2012) 3 11 
IT Use Process 
(Canessa and Riolo 2006); (Lanham and McDaniel Jr 2008); 
(Nan 2011) 
3 11 
Information Systems Alignment  (Benbya and McKelvey 2006); (Vessey and Ward 2013) 2 7.3 
Organizational Knowledge Processes (Merali 2002); (Habib 2008) 2 7.3 
Information Structures (Hanseth and Lyytinen 2010); (Khanna and Venters 2013) 2 7.3 
Social Network (Hildebrand et al. 2012); (Nan and Lu 2014) 2 7.3 
Information Systems Engagement (Kim and Kaplan 2006) 1 3.6 
IT- enabled service (Chae and Olson 2011) 1 3.6 
Service Platform (Förderer et al. 2014)  1 3.6 
Virtual Teams (Curşeu 2006) 1 3.6 
Inter firm relations of mobile ecosystem (Basole 2009) 1 3.6 
Table 4. Topics of CAS studies in IS field 
Discussion 
The aim of this paper is not to critically assess CAS-based IS studies, but rather to acknowledge the 
valuable contributions of scholars who have extended CAS theory to the IS body of knowledge. An 
intent was to query the perceived relatively low adoption of CAS theory in IS, and explore areas of 
value from CAS-based research, through an in-depth analysis of research contributions of the 
surveyed articles. 
The content analysis reflects the use of different CAS concepts to theorize and explore the 
unpredictable complexities of different dynamic phenomena. It also shows that the main CAS 
concepts found their way into IS research. The classification of the papers based on the CAS 
concepts provides a concise view of how to adopt different concepts for conceptualization in 
different circumstances and the potential benefits of the concepts to investigate uncertain 
behaviors of complex systems.  
The contextual analysis elucidates the diversity of topics of CAS research in the IS domain, such as- 
IS development, agile practices and conceptualization of IS as a domain; all areas that are dynamic 
and non-linear in nature, with CAS providing a preferred means of investigating the underpinning 
behaviours and properties. It also reveals that the CAS concepts and principles have been employed 
with particular phenomena as a metaphorical device (Stacey 2007) to gain deeper insights 
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(Cur eu 2006; Tanriverdi et al. 2010; Vidgen and Wang 2006) or used as a way to 
computationally uncover complexities (Hildebrand et al. 2012; Lanham and McDaniel Jr 2008; 
Nan 2011) that are difficult to determine in real life. Consistent with previous findings (Burnes 
2005; Stacey 2007), researchers do not discuss whether the mathematical techniques used by the 
complexity theorists in the natural science or mathematics have been or can be applied to the 
complex processes in the organizations.  
The analysis of the surveyed papers reveals limited interest in CAS theory within the community of 
IS researchers. Possible reasons are several. First, there seems to be confusion over those concepts 
central to CAS theory and the concepts are difficult to measure, with IS researchers disagreeing on 
a precise definition of CAS theory (Anderson 1999; Gell-Mann 1994). Neither the CAS literature 
nor CAS-based studies in IS offer explicit definitions of CAS theory, let alone a common definition. 
Most scholars provide vague definitions, and most define CAS as a combination of agents, 
schemata, interactions and environment, with some characterising CAS as a set of concepts and 
properties that are tightly interwined. The concepts and properties of CAS are still scattered and 
not well-structured in the existing literature. A detailed analysis of previous literature on CAS 
probing epistemological  connections  with it’s parental theory such as  systems theory  (Ackoff 
1971)  and  complexity  theory (Brown and Eisenhardt 1997), is expected to yield insight into a 
possible unified understanding of CAS, thereby promoting improved cross-study comparability and 
a more cumulative tradition of research.  
Moreover, complex systems researchers often seek to show that CAS can explain a real system 
through computer simulations (Burnes 2005). These computational models take simple rules and 
seek to explain how complexities rise from micro to macro level (Kauffman 1993). However, many 
researchers may argue that such models with simple rules hardly represent the real world 
behaviour of complex systems (Cilliers 2002). Franco Parellada (2002) states that if a system can 
be modelled, it does not mean that the model can explain what happens in the real world. Such 
models are used to interpret or observe what might be happening and different models can observe 
the same phenomena in different ways. 
Further, studying dynamic can imply longitudinal studies in which researchers ideally conduct 
several observations of the same subjects over a period of time. Such studies are more expensive 
and time consuming than cross-sectional research. That is possibly another reason for the low 
adoption of CAS. 
In addition, an underlying, implicit assumption of most researchers is that organizations tend 
towards a state of equilibrium, where; “All unstable dynamics are deemed to be a consequence of 
social disorganization, faulty design, malfunctioning or deviancy” (Young 1991) and thus are not 
worthy of research attention. Such a perspective undervalues research attention to the dynamic 
properties of systems, which are core to CAS. 
Further, if we consider the broader IS research field from a CAS perspective, and the theories in the 
IS domain as the basic elements of the ‘fitness landscape’ (Kauffman 1993) having specific ‘fitness 
value’, then IS researchers tend to choose popular theories such as RBV or innovation theory etc., 
that possess higher fitness value, to interpret particular phenomena. CAS, as a relatively new 
theory in the IS domain, possesses lower fitness value, thus researchers choose to adopt popular 
theories with higher value over-and-over in a process of positive feedback loop. 
More broadly, CAS raises ontological and epistemological issues in relation to research and 
knowledge accumulation. For example- Tanriverdi et al. (2010) pointed out the epistemological 
controversy that CAS can evoke. In a given time, one formulates a hypothesised relationship among 
CAS components, tests the relationships and gathers information about them in a “dancing, rugged 
CAS landscape”. It is often assumed that the time when the information is collected, CAS is in a 
temporary equilibrium state. However, because of the dynamic characteristics of CAS, the 
landscape has already danced and the gathered knowledge on the relationships is unlikely to be 
valid. Thus, like the temporal nature of the competitive landscape, the claim to the knowledge can 
only be temporally valid during that short window of stability in the dancing, rugged CAS 
landscape. Therefore, while the attractions of the CAS theory are apparent, theorists only rarely 
acknowledge its potential value in the field of IS domain. 
As discussed before, CAS helps to encode complex systems through mathematical expressions, 
employ order generating rules among the basic components and test them to uncover different 
complexities that may arise from the dynamic relationships of the components. IS researchers can 
benefit from the advantage  provided by CAS to model sophisticated phenomena that are difficult 
to describe verbally. Many complex organizational phenomena like- co-evolution of IS resources, 
decision making and strategic planning can be modelled as CAS and these models can be tested in a 
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virtual environment to discover myriad complexities that are difficult to explore in empirical 
studies. The tightly related CAS concepts can be used together to explore multi-level analysis, 
emergence across levels, and historical analysis of IS phenomena. As a variation of systems theory 
(Phelan 1999), CAS can also facilitate modelling of complex organizational processes like the 
bottom up emergence of business value in organizations. How the degree of relationships among 
the business value factors can affect the value creation process or how exploration and exploitation 
of IS resources can impact business value, are black-boxed. The use of artificial adaptive agents 
facilitates study of these issues.  
Conclusions 
In this research, we present an overview of CAS based IS studies and seek to encourage future 
researchers to conduct more CAS based IS research by representing its potential value. The 
concepts and related contributions identified through this study, have yielded valuable insights 
from CAS theory. The proposed framework of CAS by categorizing the concepts with the related 
contributions will inform future IS researchers about the existing practices of CAS theory, guide 
them to understand how to adopt and use the theoretical concepts of CAS to craft their research.  
The study has several limitations. We experienced difficulty distilling a consistent list of the CAS 
concepts. A possible reason for the confusion uncovered may be that the thought leaders of Santa 
Fe Institute- an early CAS school of thought in the mid- 1980’s come from diverse background 
disciplines such as economics, physics, biology, and mathematics, their respective thinking on CAS 
influenced by their respective fields; thus the foundations behind CAS are from the outset diverse 
(Dodder and Dare 2000). There are myriad CAS concepts employed with surprisingly different 
concepts dominant in different domains; a higher level of abstraction or a theoretical framework of 
CAS, based on the identified concepts, would be helpful to better interrelate the literature. 
In future research, we hope to develop a coherent theoretical framework of CAS based on the 
concepts. Moreover, we have herein only considered publications from the IS senior scholars 
basket-of-eight journals plus two prominent AIS conferences. Other important IS outlets have 
published CAS based studies long before, and would be usefully included in a more extended 
archival analysis. Future research will consider those outlets and include CAS based papers from 
these sources to have a broader recognition and understanding of CAS theory in IS field. To 
conclude, this paper represents the preliminary phase of a continuing study. It aims to address 
further questions, like- how does CAS facilitate theory building, what forms of theory derive from 
CAS (Gregor 2006), is there any value from CAS in design science or innovation research, etc. 
Future research will investigate the above mentioned issues to establish a solid foundation and 
help us better understand the core of CAS theory. 
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